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1. 

MANUFACTURING PROCESS FOR 
COMBINING ALAYER OF PULP FIBERS 

WITH ANOTHER SUBSTRATE 

BACKGROUND 

With certain manufacturing processes, it is necessary to 
convey fibrous webs or layers to various stages for further 
processing or to be combined with other substrates. For 
example, certain types of desirable composite materials are 
made by combining pulp fibers with other substrates, includ 
ing nonwoven spunbonded webs, meltblown webs, scrim 
materials, and other textile materials. One known technique 
for combining these materials is by hydraulic entangling. For 
example, U.S. Pat. No. 4,808.467 discloses a high-strength 
nonwoven fabric made of a mixture of wood pulp and textile 
fibers entangled with a continuous filament base web. U.S. 
Pat. No. 5,389.202 describes a high pulp content composite 
fabric formed by hydraulically entangling a web of pulp fibers 
into a continuous filament Substrate. 

In a typical manufacturing process for hydraulically entan 
gling a layer of fibers into a nonwoven web, the nonwoven 
material travels in a machine direction on a mesh beltor fabric 
to a hydraulic entangling station. A dilute Suspension con 
taining fibers (pulp, synthetic, or a combination of both) is 
Supplied by a head box and deposited via a sluice onto a 
forming fabric of a conventional paper-making machine. 
Water is removed from the fiber suspension to form a uniform 
layer of fibers on the forming fabric. After being formed, the 
layer is conveyed in the machine direction and laid onto the 
nonwoven web. The nonwoven web and overlying fiber layer 
are conveyed under one or more hydraulic entangling mani 
folds whereinjets of fluid entangle the fibers into and through 
the nonwoven Substrate to form a composite material. 
Vacuum slots may be located beneath or downstream of the 
waterjet manifolds to remove excess water from the compos 
ite material. After the fluid jet treatment, the composite fabric 
is conveyed through a non-compressive drying operation, for 
example a conventional rotary drum through-air drying appa 
ratuS. 

Regardless of the process, the fiber layer or webs must 
either have substantial strength so as to maintain their integ 
rity, or be supported by external means or an additional Sub 
strate. For example, with a conventional hydro-entangling 
process, the fiberlayer is typically conveyed as a sheet unsup 
ported over at least some distance prior to being combined 
with the nonwoven substrate. This situation requires the fiber 
sheet to have Substantial strength so as not to loose sheet 
integrity, particularly in the unsupported locations. In particu 
lar, the fiber sheet must have an increased basis weight and 
include fibers having Substantial wet strength characteristics. 
Processing machine speed is often limited by the fiber sheet 
characteristics to ensure sheet integrity. However, despite 
careful attention to the fiber sheet characteristics, it is often 
the case that the fiber sheet breaks, particularly in the unsup 
ported areas. This results in the loss of valuable production 
time. 

System configurations are known for fully supporting a 
pulp sheet from a forming section to a dryer section wherein 
the sheet is supported from below by the former belt, trans 
ferred to an intermediate differential speed belt where the 
sheet is supported from above, and then transferred again to 
the dryer belt where the sheet is supported from below. It is 
also known to use this arrangement for transferring a fibrous 
web from a forming belt to a hydro-entangling belt. However, 
with such systems, the multiple transfer of the fibrous web or 
sheet between belts requires complex machinery and can be 
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2 
detrimental in that creases or density variances are created in 
the sheet or web by the transfer belts. 

SUMMARY 

Various objects and advantages of the invention will be set 
forth in part in the following description, or may be apparent 
from the description, or may be learned from practice of the 
invention. 

In a general aspect, process embodiments according to the 
invention may be used to convey a fiber layer or other inher 
ently weak web or material between processing stations. The 
invention is not limited to any particular type offibers, web, or 
intended processing steps. For purposes of explanation only, 
the process will be explained in the context of conveying a 
fiber layer. 

Although not limited to any particular purpose, the process 
is particularly suited for transferring a fiber layer from a 
forming belt to a traveling fabric of a hydro-entangling sta 
tion. The fiber layer may be Subsequently entangled, or 
entangled with another Substrate to form a composite mate 
rial. Such as a layer of pulp fibers hydro-entangled into a 
nonwoven web. The inventive process provides distinct 
advantages over many types of conventional systems in that 
the system is relatively simple and does not require transfer of 
the fiber layer or web multiple times. Also, the significance of 
the fiber layer characteristics is greatly minimized. Hydro 
entangled materials may be made with fiber layers having a 
lower basis weight and formed of more diverse types offibers, 
including fibers having decreased wet strength characteristics 
as compared to conventional processes. With the present 
inventive manufacturing process, machine processing speed 
is less likely to be constrained by the fiber layer characteris 
tics. 
The process includes conveying a layer of fibers on a first 

traveling belt such that the fiber layer is fully supported from 
below by the first belt. The first belt may be a forming fabric 
onto which a slurry of fibers is initially deposited. For 
example, the fiber layer may include pulp fibers deposited 
onto a forming fabric directly from a head box. The direction 
of travel of the first belt converges with a second belt at a 
combining location where the first belt and second belt merge 
such that the fiber layer is sandwiched between the first belt 
and second belt. In a particular embodiment, the first belt 
conveys the fiber layer from a location below and forward of 
the convergence location with respect to a processing 
machine direction. After merging, the relative position of the 
belts is re-oriented such that the second belt is disposed below 
the fiberlayer. The belts may travel together in this orientation 
over a defined distance before the first belt is diverted away 
and separated from the second belt. The fiber layer is fully 
supported by the second belt and conveyed for further pro 
cessing. 

In a particular embodiment, the second belt is a hydro 
entangling fabric and the fiber layer is conveyed to a hydro 
entangling station and entangled to form a nonwoven web. 
To aid in separating the first belt from the second belt, the 

merged belts may be conveyed over a vacuum source that 
pulls the fiber layer away from the first belt and against the 
second belt. A hydro-entangling manifold may be used in 
combination with the vacuum source to aid in separation of 
the fiber layer from the first belt. 

Embodiments of the process may be particularly well 
Suited for hydro-entangling processes wherein a fiber layer 
having relatively little structural integrity, such as a pulp layer 
deposited onto a forming fabric, is entangled with another 
Substrate, such as a nonwoven web. The process may include, 
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for example, the step of conveying a nonwoven web from a 
Supply, Such as a conventional roll Supply station, to a travel 
ing hydro-entangling fabric for further conveyance and pro 
cessing. A layer of fibers is formed by known means, such as 
with a conventional head box system, and is conveyed by a 
forming fabric to the nonwoven web. The fiber layer is trans 
ferred onto the nonwoven web so as to overlie the web. From 
formation to transfer onto the nonwoven web, the fiber layer 
is fully supported from below so that there is little possibility 
of the layer losing integrity prior to being deposited onto the 
web. After the fiber layer has been transferred and is fully 
Supported by the nonwoven web and hydro-entangling fabric, 
the fiber layer and web combination are conveyed through a 
hydro-entangling station wherein the fibers are hydro-en 
tangled into the nonwoven web. From the hydro-entangling 
station, the composite material may be conveyed to any man 
ner of conventional drying station, typically a non-compres 
sive drying apparatus. 

In a particular embodiment, the nonwoven web is Supplied 
directly from a Supply roll to the hydro-entangling fabric, and 
the fiberlayer is deposited as slurry onto the traveling forming 
fabric. The traveling path of the forming fabric and hydro 
entangling fabric (with nonwoven web) converge at a com 
bining location and then travel adjacent each other over a 
defined distance with the fiber layer and nonwoven web sand 
wiched between the forming fabric and the hydro-entangling 
fabric. Prior to the hydro-entangling station, the forming fab 
ric is separated from the fiber layer, but not before the fiber 
layer is fully supported from below by the nonwoven web and 
hydro-entangling fabric. 

After converging together at the combining location, the 
hydro-entangling fabric and forming fabric may travel adja 
cent each other over the defined distance in a machine direc 
tion. Prior to merging with the forming fabric at the combin 
ing location, the nonwoven web may be directed against the 
hydro-entangling fabric at a location where the hydro-entan 
gling fabric travels in a direction other than the machine 
direction, for example in a generally opposite direction. After 
merging, the forming fabric (with fiber layer Supported 
thereon) and the hydro-entangling fabric change direction to 
the machine direction and re-orient such that the relative 
position of the forming fabric with respect to the fiber layer 
reverses and the forming fabric is disposed above the fiber 
layer, but only after the hydro-entangling fabric is disposed 
below the fiber layer and fully supports the fiber layer and 
nonwoven web. 

In a particular embodiment, a combining roll defines the 
combining location, with the forming fabric and hydro-en 
tangling fabric traveling together around at least a portion of 
the combining roll. 

The fiber layer may be deposited onto the forming fabric at 
a location below the combining location such that the fiber 
layer is conveyed in an angled Vertical direction to the com 
bining location while fully supported by the forming fabric. 
At the combining location, the fiberlayer is placed against the 
nonwoven web and the combination of materials is sand 
wiched between the forming fabric and hydro-entangling 
fabric. The sandwiched configuration is conveyed together 
and re-oriented so that the hydro-entangling fabric is dis 
posed below and fully supports the fiber layer and nonwoven 
web, at which point the forming fabric may be separated from 
the fiber layer. 

The forming fabric may be separated from the fiber layer 
by various means, including diverting the direction of travel 
of the forming fabric away from the hydro-entangling fabric. 
Suction from a vacuum source may be applied through the 
hydro-entangling fabric to draw the fiber layer against the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
nonwoven web as the forming fabric is diverted away. It may 
also be desired to use a hydro-entangling manifold in combi 
nation with the vacuum source to aid in separation of the fiber 
layer from the forming fabric. 

Aspects of the invention will be described in greater detail 
below by reference to particular embodiments depicted in the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a machine layout view of a manufacturing line 
incorporating aspects of the process according to the inven 
tion. 

FIG. 2 is a more detailed view of a section of the manufac 
turing line from FIG. 1 particularly illustrating the process 
steps of transferring the pulp layer onto the hydro-entangling 
fabric in accordance with one embodiment of the invention. 

FIG. 3 is a perspective view of an alternate manufacturing 
line incorporating aspects of the process according to the 
invention. 

FIG. 4 is a perspective view of an alternate configuration 
according to the invention for transferring a fiberlayer from a 
first traveling belt to a second traveling belt. 

DETAILED DESCRIPTION 

Reference will now be made in detail to embodiments of 
the invention, one or more examples of which are illustrated 
in the drawings. Each example is provided by way of expla 
nation of the invention, and is not meant as a limitation of the 
invention. For example, features illustrated or described as 
part of one embodiment can be used with another embodi 
ment to yield still a third embodiment. It is intended that the 
present invention include these and other modifications and 
variations. 
As mentioned, in a general aspect, the present invention 

provides a process for conveying a fiber layer or web to any 
manner of processing station. The particular type of fiber is 
not a limitation of the invention. The fibers may be, for 
example, any combination of synthetic or pulp staple length 
fibers. The selected average fiber length and denier will gen 
erally depend on a variety of factors and desired processing 
steps. For hydro-entangling, the average fiber length of the 
Staple fibers is generally low enough so that a portion of an 
individual fiber may readily entangle with continuous fila 
ments of a nonwoven web, and also long enough so that 
another portion of the fiber is able to protrude therethrough. In 
this regard, the staple fibers typically have an average fiber 
length in the range of from about 0.3 to about 25 millimeters, 
in some embodiments from about 0.5 to about 10 millimeters, 
and in some embodiments, from about 4 to about 8 millime 
ters. The denier per filament of the staple fibers may also be 
less than about 6, in some embodiments less than about 3, and 
in some embodiments, from about 0.5 to about 3. 
A majority of the staple fibers utilized may be synthetic. 

Some examples of suitable synthetic staple fibers include, for 
instance, those formed from polymers such as, polyvinyl 
alcohol, rayon (e.g., lyocel), polyester, polyvinyl acetate, 
nylon, polyolefins, etc. The synthetic staple fibers may also be 
monocomponent and/or multicomponent (e.g., bicompo 
nent). For example, Suitable configurations for the multicom 
ponent fibers include side-by-side configurations and sheath 
core configurations, and Suitable sheath-core configurations 
include eccentric sheath-core and concentric sheath-core 
configurations. In some embodiments, as is well known in the 
art, the polymers used to form the multicomponent fibers have 
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sufficiently different melting points to form different crystal 
lization and/or Solidification properties. 
A substantial portion of the staple fibers may be cellulosic 

pulp fibers. Pulp fibers may be utilized to reduce costs, as well 
as impart other benefits to the composite fabric, such as 
improved absorbency. Some examples of suitable cellulosic 
fiber Sources include Virgin wood fibers, such as thermome 
chanical, bleached and unbleached pulp fibers. Pulp fibers 
may have a high-average fiber length, a low-average fiber 
length, or mixtures of the same. Some examples of Suitable 
high-average length pulp fibers include northern Softwood, 
Southern Softwood, redwood, red cedar, hemlock, pine (e.g., 
Southern pines), spruce (e.g., black Spruce), combinations 
thereof, and so forth. Some examples of suitable low-average 
fiber length pulp fibers may include certain virgin hardwood 
pulps and secondary (i.e. recycled) fiber pulp from sources 
Such as, for example, newsprint, reclaimed paperboard, and 
office waste. Hardwood fibers. Such as eucalyptus, maple, 
birch, aspen, and so forth, may also be used as low-average 
length pulp fibers. Mixtures of any of the above types offibers 
may also be used. 

Although not limited to such a use, embodiments of the 
invention are particularly well Suited for hydro-entangling 
lines wherein a fiberlayer in entangled with another substrate, 
such as a nonwoven web. In this regard, FIGS. 1 and 2 illus 
trate a manufacturing line for forming a composite material 
by hydro-entangling fibers into a nonwoven web. An aqueous 
suspension of fibers is deposited onto a forming fabric 16 by 
a conventional head box 12. A vacuum box 14 is configured 
with the head box 12 to at least partially de-water the slurry 
through the forming fabric 16 such that a uniform pulp layer 
10 is formed on the fabric 16 and conveyed towards a hydro 
entangling station 24. 
The Suspension offibers may be diluted to any consistency 

that is typically used in conventional papermaking processes. 
For example, the Suspension may contain from about 0.01 to 
about 1.5 percent by weight fibers suspended in water. Water 
is removed from the suspension of fibers by the vacuum box 
14 to form the uniform layer 10 of fibers. The fibers may be 
any high-average fiber length, low-average fiber length, or 
mixtures of the same. For pulp fibers, the high-average fiber 
length typically has an average fiber length from about 1.5 
mm to about 6 mm. The low-average fiberlength pulp may be, 
for example, certain Virgin hardwood pulps and secondary 
(i.e. recycled) fiber pulp from sources such as, for example, 
newsprint, reclaimed paperboard, and office waste. The low 
average fiber length pulps typically have an average fiber 
length of less than about 1.2 mm, for example, from 0.7 mm 
to 1.2 mm. Mixtures of high-average fiber length and low 
average fiber length pulps may contain a significant propor 
tion of low-average fiber length pulps. For example, mixtures 
may contain more than about 50 percent by weight low 
average fiber length pulp and less than about 50 percent by 
weight high-average fiber length pulp. One exemplary mix 
ture contains 75 percent by weight low-average fiber length 
pulp and about 25 percent high-average fiber length pulp. 
The fibers may be unrefined or may be beaten to various 

degrees of refinement. Small amounts of wet-strength resins 
and/or resin binders may be added to improve strength and 
abrasion resistance. Useful binders and wet-strength resins 
are well known to those skilled in the art. Debonding agents 
may be added to the pulp mixture to reduce the degree of 
hydrogenbonding if a very open or loose nonwoven pulp fiber 
web is desired. The addition of certain debonding agents in 
the amount of, for example, 0.1 to 4.0 percent, by weight, of 
the composite also appears to reduce the measured Static and 
dynamic coefficients of friction and improve the abrasion 
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6 
resistance of the continuous filament rich side of the compos 
ite fabric. The de-bonder is believed to act as a lubricant or 
friction reducer. 
A web 18 is supplied to the hydro-entangling station 24 

from a supply station 20. This web 18 may be a meltblown 
web, spunbond web, bonded carded web, air laid or wet laid 
bonded web, a woven web of natural or synthetic fibers, a 
knitted web, perforated film, and so forth. It should be appre 
ciated that the type of web 18 is not a limitation of the present 
inventive process. Typically, the web 18 is unwound from one 
or more Supply rolls at the Supply station 20, but may also be 
formed directly at the supply station 20. 

In a typical process the web 18 is a nonwoven web that may 
be formed by known continuous filament nonwoven extru 
sion processes, such as, for example, known solvent spinning 
or melt-spinning processes, and passed directly onto a trans 
port belt without first being stored on a supply roll. The 
nonwoven web 18 may be a web of continuous melt-spun 
filaments formed by the spunbond process. The spunbond 
filaments may be formed from any melt-spinnable polymer, 
co-polymers or blends thereof. For example, the spunbond 
filaments may beformed from polyolefins, polyamides, poly 
esters, polyurethanes, A-B and A-B-A block copolymers 
where A and A are thermoplastic endblocks and B is an 
elastomeric midblock, and copolymers of ethylene and at 
least one vinyl monomer Such as, for example, vinyl acetates, 
unsaturated aliphatic monocarboxylic acids, and esters of 
such monocarboxylic acids. If the filaments are formed from 
a polyolefin Such as, for example, polypropylene, the non 
woven web 18 may have a basis weight from about 3.5 to 
about 70 grams per square meter (gsm). More particularly, the 
nonwoven substrate 20 may have a basis weight from about 
10 to about 35 gsm. The polymers may include additional 
materials such as, for example, pigments, antioxidants, flow 
promoters, stabilizers and the like. 
The nonwoven web 18 will generally have a total bond area 

of less than about 30 percent and a uniform bond density 
greater than about 100 bonds per square inch. For example, 
the nonwoven continuous filament Substrate may have a total 
bond area from about 2 to about 30 percent (as determined by 
conventional optical microscopic methods) and a bond den 
sity from about 250 to about 200 pin bonds per square inch. 
Various bonding techniques are well known in the art, Such as 
pin bonding or any form of bonding that produces good tie 
down of the filaments with minimum overall bond area. For 
example, a combination of thermal bonding and latex impreg 
nation may be used to provide desirable filament tie down 
with minimum bond area. Alternatively and/or additionally, a 
resin, latex or adhesive may be applied to the nonwoven 
continuous filament web by, for example, spraying or print 
ing, and dried to provide the desired bonding. 
By process steps described in greater detail below, the fiber 

layer 10 is eventually laid on the web 18, with the combina 
tion of fiber layer 10 and web 18 supported on a traveling 
hydro-entangling fabric 26 of a conventional hydraulic entan 
gling machine 24. The fiber layer 10 and web 18 pass under 
one or more hydraulic entangling manifolds 28 and are 
treated with jets of fluid to entangle the fibers with the fila 
ments of the web 18. The jets of fluid also drive fibers into and 
through the web 18 to form a composite material 46. The 
hydraulic entangling may take place while the fiber layer 10 
is highly saturated with water. For example, the fiber layer 10 
may contain up to about 90 percent by weight water just 
before hydraulic entangling. Alternatively, the fiberlayer may 
be an air-laid or dry-laid layer of pulp fibers. 
The hydraulic entangling may be accomplished utilizing 

conventional hydraulic entangling equipment such as may be 
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found in, for example, in U.S. Pat. No. 3,485,706 to Evans, 
the disclosure of which is hereby incorporated by reference. 
The hydraulic entangling of the present invention may be 
carried out with any appropriate working fluid Such as, for 
example, water. The working fluid flows through a manifold 
28 that evenly distributes the fluid to a series of individual 
holes or orifices. These holes or orifices may be from about 
0.003 to about 0.015 inch in diameter. The invention may be 
practiced utilizing any manner of conventionally available 
manifold. Suitable devices are manufactured by Reiter Per 
fojet of France, and Fleissner of Germany. Various manifold 
configurations and combinations may be used. For example, 
a single manifold may be used or several manifolds may be 
arranged in Succession. 

In the hydraulic entangling process, the working fluid 
passes through the orifices at a pressures ranging from about 
200 to about 6000 pounds per square inch gage (psig). At the 
upper ranges of the described pressures it is contemplated that 
the composite fabrics may be processed at speeds of about 
1000 feet per minute (fpm). The fluid impacts the fiber layer 
10 and the web 18 which are supported by the hydro-entan 
gling fabric 26, which may be, for example, a single plane 
mesh having a mesh size of from about 8x8 to about 100x100. 
The fabric 26 may also be a multi-ply mesh having a mesh 
size from about 50x50 to about 200x200. As is typical in 
many water jet treatment processes, vacuum slots 30 may be 
located directly beneath the hydro-needling manifolds 28 or 
beneath the entangling fabric 26 downstream of the manifolds 
28 so that excess water is withdrawn from the hydraulically 
entangled composite material 46. 

From the hydro-entangling station 24, the composite mate 
rial 46 is conveyed to any manner of drying station 42, which 
typically includes a non-compressive dryer, Such as a conven 
tional rotary drum through-air dryer 44 as shown in FIGS. 1 
and 3. The through-air dryer 44 may include an outer rotatable 
cylinder with perforations in combination with an outerhood 
for receiving hot air blown through the perforations. A belt 47 
carries the composite material 46 over the upper portion of the 
through-air dryer outer cylinder where the heated air forced 
through the perforations in the outer cylinder removes water 
from the composite material 46. The temperature of the air 
forced through the composite material 46 may range from 
about 200 degrees to about 500 degrees F. Other useful 
through-drying methods and apparatus may be found in, for 
example, U.S. Pat. Nos. 2,666,369 and 3,821,068, the con 
tents of which are incorporated herein by reference. 

In the embodiment of FIG. 1, the composite material 46 is 
diverted from the hydro-entangling fabric 26 by any manner 
of diverting device (i.e., roll, blower, transfer belt, etc.) sche 
matically illustrated as element 22 and transferred unsup 
ported from the hydro-entangling station 42 to the drying 
station 42 where it is eventually transferred to the dryer belt 
47. The composite material 46 has sufficient strength and 
integrity after the hydro-entangling process to be conveyed in 
this manner. In certain situations, however, it may be desired 
to Support the composite fabric 46 up to and through the 
drying station 42. For example, FIG. 3 illustrates an embodi 
ment wherein a differential speed pickup roll 49 is used to 
transfer the material 46 from the hydro-entangling fabric 26 
to the dryer belt 47. Alternatively, conventional vacuum-type 
pickups and transfer fabrics may be used. If desired, the 
composite fabric may be wet-creped before being transferred 
to the drying operation. 

It may be desirable to use finishing steps and/or post treat 
ment processes to impart selected properties to the composite 
material 46. For example, the material 46 may be lightly 
pressed by calender rolls, creped, or brushed to provide a 
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8 
uniform exterior appearance and/or certaintactile properties. 
Alternatively and/or additionally, chemical post-treatments 
Such as, adhesives or dyes may be added to the material. 

Additionally, the material may contain various materials 
Such as, for example, activated charcoal, clays, starches, and 
Superabsorbent materials. For example, these materials may 
be added to the suspension of fibers used to form the fiber 
layer 10. These materials may also be deposited on the fiber 
layer prior to the fluid jet treatments so that they become 
incorporated into the composite fabric by the action of the 
fluid jets. Alternatively and/or additionally, these materials 
may be added to the composite material 46 after the fluid jet 
treatments. If superabsorbent materials are added to the sus 
pension of fibers or to the fiber layer before water-jet treat 
ments, it is preferred that the superabsorbents are those that 
remain inactive during the wet-forming and/or water-jet treat 
ment steps and can be activated later. 
As mentioned, the process according to the invention offers 

distinct advantages by completely supporting the fiber layer 
10 from below from formation of the fiber layer 10 at the head 
box 12 until the fiber layer 10 is transferred to the web 18 and 
conveyed together through the hydro-entangling station 24. 
Referring to FIGS. 1 and 2 in particular, a machine configu 
ration embodiment is depicted for achieving the purpose of 
the present inventive process. The traveling path of the form 
ing fabric 16 upon which the fiber layer 10 is deposited 
converges with the path of the hydro-entangling fabric 26 at 
combining location 40. From this location, the web 18 and 
fiber layer 10 travel adjacent each other over a defined dis 
tance with the fiber layer 10 and web 18 sandwiched between 
the forming fabric 16 and the hydro-entangling fabric 26. In 
the illustrated embodiment, the combining location 40 is 
defined by a combining roll 36 around which the forming 
fabric 16 and hydro-entangling fabric 26 run (at least par 
tially) in their traveling path. 

Because of the change in traveling direction of the fabrics 
10, 26 prior to the sandwiched material layers reaching the 
hydro-entangling station 24, the fabrics 16, 26 re-orient Such 
that the fabric 16 is above the fiber layer 10 and the fabric 26 
fully supports the web 18 and fiber layer 10 from below. The 
forming fabric 16 is separated from the fiber layer 10, but not 
before the fiber layer is fully supported from below by the 
web 18 and the hydro-entangling fabric 26. The forming 
fabric 16 may be separated from the fiber layer 10 by various 
means. In the illustrated embodiment, the traveling path of the 
forming fabric 16 is diverted away from the fiber layer 10 by 
roller 35. It may be desired to include a vacuum source 
applied through the hydro-entangling fabric 26 to draw the 
fiber layer 10 against the web 18 as the forming fabric 16 is 
diverted away. For example, referring to FIG.1, a vacuum box 
or slot 32 is disposed below the hydro-entangling fabric 26 
between the combining roll 36 and the hydro-entangling sta 
tion 28. It may also be desired to include a hydro-entangling 
manifold 34 in combination with the vacuum source 32 to aid 
in separation of the fiber layer 10 from the forming fabric 16. 
The manifold 34 may include one or more water jets that 
impinge against the upper Surface of the forming fabric 16 
causing the fiber layer 10 to release from the opposite side of 
the fabric 16. This manifold 34 may also result in a beneficial 
degree of pre-entangling of the pulp fibers from the fiberlayer 
10 into the web 18 prior to the hydro-entangling station 24. 

In a particular embodiment as illustrated in the figures, the 
web 18 is directed against the hydro-entangling fabric 26 at a 
location where the hydro-entangling fabric 26 travels in a 
direction other than the machine direction. For example, 
referring to FIG. 1, the web 18 is directed against the hydro 
entangling fabric 26 at an underside of the traveling loop of 
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the fabric 26 prior to the fabric changing direction at the 
combining roll 36. The combining location 40 where the 
forming fabric 16 converges with the hydro-entangling fabric 
26 is at or before the location where the fabrics 26, 16 change 
direction to the machine direction, as seen in FIGS. 1 and 2. 
As mentioned, with this configuration, the relative position of 
the forming fabric 16 with respect to the fiber layer reverses 
such that the forming fabric moves from a position wherein it 
fully supports the fiber layer 10 from below to a subsequent 
position wherein it is disposed above the fiber layer 10, but 
not before the fiber layer 10 is fully supported by the non 
woven web 18 and hydro-entangling fabric 26. The forming 
fabric 16 and hydro-entangling fabric 26 may travel together 
a defined a distance with the fiberlayer 10 and nonwoven web 
18 sandwiched therebetween. For example, referring to FIG. 
1, this distance is defined between the combining roll 36 and 
diverting roll 35. This distance need only be sufficient to 
reorient the relative position of the forming fabric 16 and 
hydro-entangling fabric 26 prior to diverting the forming 
fabric 16 away from the fiber layer 10. 
The fiberlayer 10 may be deposited onto the forming fabric 

16 at a location below the combining location 40 such that the 
fiber layer 10 is fully supported from below by the forming 
fabric 16 and is conveyed at an angle in a vertical direction up 
to the combining location 40. At the combining location 40, 
the fiber layer 10 is placed against the nonwoven web 18 and 
the combination of the materials is sandwiched between the 
forming fabric 16 and hydro-entangling fabric 26. Thus, it 
should be appreciated that the relative position of the head 
box 20 and traveling path of the forming fabric 16 may vary 
with respect to the path of the hydro-entangling fabric 26 and 
location on the fabric 26 where the nonwoven web 18 is 
introduced so long as the relative positions result in the fiber 
layer 10 and nonwoven web 18 being sandwiched between 
the forming fabric 16 and hydro-entangling fabric 26. From 
this point, the relative positions of the forming fabric 16 and 
hydro-entangling fabric 26 may be changed, for example as 
they travel at least partially around the combining roll 36 at 
the combining location 40, so that the web 18 and fiber layer 
10 become fully supported from below by the hydro-entan 
gling fabric 26. 

Referring to FIG. 1, once the composite material 46 has 
been dried at the drying station 42, the material 46 is conveyed 
to any manner of conventional take-up station 48 that may 
include any manner of winder 50 for winding the composite 
material 46 into rolls. Alternatively, the material 46 may be 
conveyed directly to a manufacturing line wherein the mate 
rial 46 is used in the manufacture of any manner of article, 
Such as a disposable absorbent article. 

FIG. 3 illustrates a manufacturing line that also incorpo 
rates aspects of the present inventive process. As mentioned, 
in this particular line, the material 46 is conveyed to the dryer 
belt 47 by way of a differential speed pick-up roll 49. 

Embodiments of the present inventive process are not lim 
ited to hydro-entangling lines, but may be used to transfer a 
fiber layer or other inherently weak web from one traveling 
belt to another for any desired purpose. For example, refer 
ring to FIG.4, a fiberlayer 10 is transported by a first belt (i.e., 
a forming belt 16) and is conveyed to a second belt (i.e., a 
hydro-entangling fabric 26) for any further desired process 
ing step. In the illustrated embodiment of FIG. 4, the fiber 
layer 10 may be deposited directly onto the first belt from a 
die head 15 as a series of continuous filament fibers in a 
spunbonding process, or as staple length fibers as in a melt 
blowing process. The fiber layer on the first belt 16 merges 
with second belt 26 at the converging location 40, which may 
include a combining roller 36. After the belts re-orient such 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
that the fiber layer 10 is supported completely from below by 
the second belt 26, the first belt, 16 is diverted away and 
removed from the fiberlayer 10, as discussed above. The fiber 
layer 10 is then conveyed by the second belt 26 for further 
processing. In the illustrated embodiment, the fiberlayer 10 is 
conveyed to an entangling station 24. 

It should be appreciated by those skilled in the art that 
various modifications and variations can be made to the 
embodiments of the process described and illustrated herein 
without departing from the Scope and spirit of the invention. 
It is intended that such modifications and variations are 
encompassed by the appended claims and their equivalents. 
What is claimed is: 
1. A process for hydro-entangling a layer of fibers into a 

web, said process comprising: 
conveying a web to lie against a traveling hydro-entangling 

fabric; 
depositing a layer of fibers onto a traveling forming fabric, 

the forming fabric supporting the fiberlayer from below: 
converging the forming fabric and the hydro-entangling 

fabric at a combining location where the forming fabric 
and hydro-entangling fabric orient and travel adjacent 
each other in a machine direction along a defined dis 
tance after the combining location such that the fiber 
layer and web are sandwiched between the forming fab 
ric and the hydro-entangling fabric along the defined 
distance with the fiberlayer supported from below by the 
hydro-entangling fabric and web: 

separating the forming fabric from the fiber layer after the 
defined distance and the web and overlying fiber layer 
are supported by the hydro-entangling fabric; and 

conveying the hydro-entangling fabric through a hydro 
entangling station to hydro-entangle the fibers into the 
web. 

2. The process as in claim 1, wherein the web is directed 
against the hydro-entangling fabric at a location where the 
hydro-entangling fabric travels in a direction other than the 
machine direction. 

3. The process as in claim 2, wherein the combining loca 
tion of the forming fabric and hydro-entangling fabric is at or 
before the location where the hydro-entangling fabric 
changes direction to the machine direction. 

4. The process as in claim 3, wherein the combining loca 
tion of the forming fabric and hydro-entangling fabric is at a 
combining roll around which the forming fabric and hydro 
entangling fabric are conveyed. 

5. The process as in claim 1, wherein the forming fabric is 
separated from the fiber layer by diverting the direction of 
travel of the forming fabric away from the hydro-entangling 
fabric. 

6. The process as in claim 5, further comprising applying a 
Suction through the hydro-entangling fabric with a vacuum 
source to adhere the fiber layer against the web before or 
during separation of the forming fabric from the fiber layer. 

7. The process as in claim 6, further comprising use of a 
hydro-entangling manifold in combination with the vacuum 
source to aid in separation of the fiber layer from the forming 
fabric. 

8. The process as in claim 1, further comprising de-water 
ing the fiber layer prior to the combining location. 

9. A process for hydro-entangling a layer of fibers into a 
web, said process comprising: 

conveying a web to lie against a traveling hydro-entangling 
fabric; 

depositing a layer of fibers onto a traveling forming fabric, 
the forming fabric supporting the fiberlayer from below: 
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converging the forming fabric and the hydro-entangling 
fabric at a combining location where the forming fabric 
and hydro-entangling fabric orient and travel adjacent 
each other such that the fiber layer and web are sand 
wiched between the forming fabric and the hydro-entan 
gling fabric with the fiber layer supported from below by 
the hydro-entangling fabric and web; 

separating the forming fabric from the fiber layer after the 
web and overlying fiber layer are supported by the 
hydro-entangling fabric; and 

conveying the hydro-entangling fabric through a hydro 
entangling station to hydro-entangle the fibers into the 
web; and 

wherein the fiber layer is deposited onto the forming fabric 
at a location below the combining location Such that the 
fiber layer is supported from below and conveyed by the 
forming fabric up to the combining location. 

10. The process as in claim 9, wherein the forming fabric 
and hydro-entangling fabric travel around a combining roll at 
the combining location and travel togetherina machine direc 
tion along a defined distance with the fiber layer and web 
sandwiched therebetween. 

11. A process for hydro-entangling a layer of fibers into a 
web, said process comprising: 

conveying a web to lie against a traveling hydro-entangling 
fabric; 

conveying a layer of fibers on a first traveling belt, the fiber 
layer fully supported from below by the first belt; 

orienting the direction of travel of the first belt with respect 
to the hydro-entangling fabric so as to transfer the fiber 
layer from the first belt to overlie the web on the hydro 
entangling fabric at a transfer location; 

conveying the web and fiber layer through a hydro-entan 
gling station to hydro-entangle the fibers into the web: 
and 

wherein the fiber layer is deposited onto the first traveling 
beltata location below the transfer location such that the 
fiber layer is supported from below and conveyed by the 
forming fabric up to the transfer location. 

12. The process as in claim 11, wherein the first traveling 
belt is a forming fabric that converges with the hydro-entan 
gling fabric where the fiber layer is transferred to overlie the 
web, the forming fabric re-orienting so as to be disposed 
above the fiber layer after the fiber layer is supported from 
below by the web. 

13. The process as in claim 12, wherein the forming fabric 
conveys the fiber layer to the hydro-entangling fabric from a 
location forward of the convergence location with respect to 
a processing machine direction. 

14. The process as in claim 12, wherein the forming fabric 
is diverted away from the hydro-entangling fabric after the 
convergence location and before the hydro-entangling sta 
tion. 
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15. The process as in claim 14, wherein the forming fabric 

and hydro-entangling fabric travel adjacent each other over a 
defined distance prior to separation of the forming fabric from 
the fiber layer, the fiber layer and web sandwiched between 
the forming fabric and hydro-entangling fabric over the 
defined distance. 

16. The process as in claim 14, wherein the hydro-entan 
gling fabric is conveyed over a vacuum source after the fiber 
layer is transferred onto the web to aid in separation of the 
forming fabric from the fiber layer. 

17. The process as in claim 16, further comprising use of a 
hydro-entangling manifold in combination with the vacuum 
source to aid in separation of the fiber layer from the forming 
fabric. 

18. The process as in claim 17, further comprising de 
watering the fiber layer prior to the transferring the fiber layer 
to overlie the web. 

19. A process for conveying a fiber layer between process 
ing stations, said process comprising: 

conveying a layer of fibers on a first traveling belt, the fiber 
layer supported from below by the first belt; 

converging the first traveling belt with a second traveling 
belt at a combining location where the first belt and 
second belt merge such that the fiberlayer is sandwiched 
between the first belt and second belt; 

re-orienting the relative position of the merged first and 
second belts such that the second belt is disposed below 
the fiber layer; 

separating the first belt from the fiber layer after the fiber 
layer is fully supported from below by the second belt; 

wherein the merged first and second belts are conveyed 
over a vacuum source to aid in separation of the first belt 
from the fiber layer; and 

further comprising use of hydro-entangling manifold in 
combination with the vacuum source to aid in separation 
of the fiber layer from the first belt. 

20. The process as in claim 19, wherein, after merging, the 
first and second belts travel adjacent each other for a defined 
distance with the fiber layer sandwiched therebetween prior 
to separating the first belt from the fiber layer. 

21. The process as in claim 19, wherein the first belt con 
veys the fiber layer from a location below and forward of the 
convergence location with respect to a processing machine 
direction. 

22. The process as in claim 19, wherein the first belt is 
separated from the fiber layer by diverting the traveling direc 
tion of the first belt away from the second belt. 

23. The process as in claim 19, further comprising convey 
ing the fiber layer on the second belt to a hydro-entangling 
station wherein the fibers on the second belt are entangled. 
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